Introduction
The global interest in macromolecular architecture has been driven over the last two and a half decades by advances in controlled polymer synthesis techniques, such as nitroxidemediated polymerisation, 1 atom transfer radical polymerisation (ATRP) 2 and reversible addition-fragmentation chain-transfer polymerisation (RAFT), 1 allowing the accurate tailoring of chain chemistry, composition and degree of polymerisation. Additionally, the appreciation of branched structures such as hyperbranched polymers 3 (Fig. 1A ) and dendrimers 4 (Fig. 1B ) has led to a variety of chemistries, rivalling those available for linear polymers including: polyimines/polyamines, 5 polyurethanes, 6, 7 polyethers, 8 polyesters, 9 polycarbonates, 10 polyamides, 11, 12 polyamidoamines, 13 and polycarbosilanes. 14 Structure and function have collectively been iterated to develop potential advanced applications for polymers in areas as diverse as drug delivery, 15 biology, 16 sensors, 17 energy storage 17, 18 and self-healing coatings. 19 The control of chemistry and purity have allowed macromolecular science to embrace nanomaterials, establishing various self-assembled nanostructures 20 from spherical solid nanoparticles 21 to multi-compartment micelles, 22, 23 core-shell structures, 24 vesicles/liposomes, 25, 26 rods 27 and worms. 28 Arguably the most diverse organic nanomaterial studies have involved ideally-branched dendrimers. 29, 30, 16 Dendritic polymer application 31 is maturing in nanomedicine 32 and electronics, 33 but, although dendrimers possess uniform molecular weight distributions and well defined shapes, the available size range is typically <15 nm, 34 although recent reports have described ideal, generation 13 polytriazine dendrimers with diameters of approximately 30nm and molecular 8.4 MDa. 35 Considerable obstacles continue to exist for cost-effective applications of such materials including the synthetic complexity and molecular weight/physical size limitations.
Research spanning various chemical disciplines has also generated complex materials such as rotaxanes and catenanes, the mixture of cyclic structures and linear polymer chains, and the growing field of linear-dendritic hybrids where linear polymer chains are decorated either at the chain ends or sidechains with dendrons; fragments of dendrimers. Lineardendritic polymer hybrids have now been synthesised in varying forms 36a to create materials including one dendron at the end of a linear polymer (an LD hybrid; Fig. 1C ), dendrons at both ends of a linear chain (a DLD hybrid; Fig. 1D ), linear chains conjugated to the periphery of a dendron (a DLx hybrid, Fig. 1E ) and dendrons at the centre of complex architectures with one linear chain attached to the focal point and either the same or different polymers synthesised from the peripheral dendron functionality (an LDLx hybrid). Micellar structures of amphiphilic linear-dendritic copolymers (30 -70 nm), 9 and micelle aggregates (approximately 200 nm), 37 have been reported after association of relatively small building blocks.
The introduction of macromolecular complexity is often achieved at the expense of synthetic simplicity. Multiple iterative reactions are required to produce many such materials, with repeated isolation and purification steps and frequently the use of large reagent excesses. This limits access to these architectures to specialist research groups, preventing greater innovation and evaluation. The various reports of hyperbranched step-growth and vinyl polymerisations have attempted to simplify the synthesis of such materials but often structural fidelity or fine control is lost. In a range of cases, simple one-pot hyperbranched vinyl polymerisations 38, 39 have been shown to introduce nanoparticle formation, 40 including shaped nanoparticles, 41, 42 with controllable stimuli responsive and surface active behaviour, 43 even though the control of molecular weight and dispersity is somewhat sacrificed. A key challenge is the identification of accessible chemistries that generate materials with novel architecture and uniform behaviour. Herein, we describe the first report of a novel approach that combines controlled radical polymerisation, hyperbranched vinyl polymerisation and linear dendritic hybrids to form a new polymer architecture, hyperbranched polydendrons (hyp-polydendrons). We have adopted this term as linear polymers that are decorated with dendrons ( Fig. 1H ) have been termed 'polydendrons' previously. 44 Unlike branched vinyl polymers produced from self-condensing vinyl polymerisation 45 or grafting techniques 46 (Fig. 1F ), hyppolydendrons ( Fig. 1G ) have two untethered ends on each primary chain of the branched architecture, with one chain end bearing an ideally branched dendron. The materials have unique structure and have been synthesised to very high molecular weights in a one-pot polymerisation strategy; as such these new materials offer novel opportunities. Moreover, we also describe the self-assembly of hyp-polydendrons to controllably form highly monodisperse, stable nanoparticles with control of size and chemistry; a highly surprisingly uniform behaviour from such polydisperse materials.
Results and Discussion
Within our group, one-pot branched vinyl copolymerisation techniques have been shown to form nanoparticles in a single synthetic procedure 41, 42 via a concerted propagation and interchain branching of linear polymer chains using monofunctional monomers in the presence of low concentrations of bifunctional monomers. When used in conjunction with controlled radical polymerisation techniques, high molecular weight branched amphiphilic block copolymers have been formed that produce spherical nanoparticles when dialysed using water. 41 The introduction of multi-functional initiators allowed dumbbell and clover-leaf nanoparticles to be formed. 42 In this current study, we combine aspects of dendrimer and branched vinyl polymer strategies to simultaneously create linear-dendritic hybrid copolymers and introduce interchain branching to produce very high molecular weight complex unimolecular architectures in a one-pot controlled radical polymerisation. The hyp-polydendrons have been extensively characterised and their self-assembly in organic solvents and water is studied under various conditions.
Dendron initiator synthesis and linear polymerisation studies
One of the benefits of hyp-polydendrons is the ability to produce high molecular weight materials containing ideally branched dendritic chain ends, without the requirement for lengthy, iterative dendrimer or dendron syntheses. As such, we targeted low generation (G 1 -Br and G 2 -Br) dendron ATRP initiators and have compared their efficiency with the simple commercial ethyl α-bromoisobutyrate (EBiBr) initiator.
A straightforward synthesis (Scheme 1) was adopted for G 1 -Br and G 2 -Br using a symmetrical secondary alcohol 1,3dibenzyloxy-2-propanol, 1. G 1 -Br was synthesised in a single reaction with α-bromoisobutyryl bromide; G 2 -Br required the use of 1,1'-carbonyl diimidazole to form the imidazole carboxylic ester 2 and allow the selective formation of urethane links at the primary amino sites of diethylenetriamine 6, 47 to form the disubstituted product 3. The ring opening of βbutyrolactone by the unreacted secondary amino functionality of 3 led to the synthesis of 4 containing a secondary hydroxyl which was readily reacted with α-bromoisobutyryl bromide to yield G 2 -Br. The synthesis of initiators and intermediates was confirmed by 1 H and 13 C nuclear magnetic resonance spectroscopy (NMR) and electrospray mass spectroscopy (see Electronic Supplementary Information, ESI, Fig. S1 -S17 † ).
Scheme 1 Synthesis of first and second generation atom transfer radical polymerisation initiators used for hyp-polydendron synthesis
We have previously used EBiBr to form linear and high molecular weight branched vinyl polymers through the ATRP of the commercial isomeric mixture of 2-hydroxypropyl methacrylate (HPMA) 48 and similar conditions were employed in this study using Cu(I)Cl and 2,2'-bypyridyl as the catalytic system and methanol as the reaction solvent at a concentration of 50% v/v. The polymerisation of HPMA was targeted to number average degrees of polymerisation (DP n ) of 50 monomer units (ESI, Fig. S18 & S19 † ). The targeted linear p(HPMA 50 ), and linear-dendritic polymer hybrids G 1 -p(HPMA 50 ) and G 2 -p(HPMA 50 ), were readily synthesised at 30°C (Scheme 2A) and allowed to polymerise to monomer conversions in excess of 99 %. Polymers of number average molecular weights (M n ) of < 15 kDa and dispersity (Ð) values of < 1.45 were generated (Table 1) , as determined by triple detection gel permeation chromatography (GPC), and excellent kinetic data was obtained, showing control of radical concentration throughout each polymerisation ( Fig. 2) . Variation of the obtained M n and Ð values suggests differing initiator efficiencies, with G 1 -Br appearing to be the most efficient, and possible termination by combination at the very high final monomer conversions (> 99 %). 
Synthesis of hyperbranched-polydendrons
The synthesis of a hyp-polydendron involves the polymerisation of a mixture containing a monofunctional monomer and a low concentration of bifunctional branching monomer. The branching monomer concentration must be maintained at a ratio with the initiator below an effective initiator:brancher of 1:1 to avoid gelation. This differs significantly from the reports of arms-first core-crosslinking using linear-dendritic hybrid macroiniators. 36b Scheme 2 Cu-catalysed ATRP Synthesis of A) linear dendritic hybrids and B) hyppolydendrons using HPMA, EGDMA and G2-Br. Scheme shows only two polymer chains conjoined for clarity. Many additional chains are combined into the branched architecture EBiBr, G 1 -Br and G 2 -Br were therefore utilised (Scheme 2B) to initiate the polymerisation of HPMA in the presence of the branching monomer ethylene glycol dimethacrylate (EGDMA) with target DP n values of 50 monomer units for the primary chains of the hyp-polydendron and an initiator:brancher ratio of 1:0.8 (ESI for experimental details † ). We have previously utilised EGDMA in this way to form highly branched p(HPMA) and amphiphilic branched A-B block copolymers of oligoethylene glycol methacrylate and n-butyl methacrylate. 41, 42 In all cases, the presence of 0.8 equivalents of EGDMA, with respect to the initiator used, led to a considerable increase in the observed M n and M w values of the polymerisation and subsequent dispersities of the resulting polymers (Table 1 ). M w values as high a 1.17 MDa were seen for the G 1 -initiated hyp-polydendrons and 1.30 MDa for G 2 -initiated materials. From a weight average perspective therefore, the recovered G 1 -initiated polymers comprised structures with approximately 90 primary chains and the G 2 -initiated polymers comprising approximately 65 primary chains. It was clear from the GPC chromatograms that materials of significantly higher molecular weight were also present (ESI, Fig. S18 & S19 † ).
Analysis of the kinetics of the ATRP reactions showed almost identical conversion vs. time and semi-logarithmic plots in the presence and absence of brancher, however, the development of M n and M w with conversion was noticeably different for the branched ATRP and non-linear at monomer conversions above 80% (Fig. 2 ). 1 H NMR analysis of the polymers after purification allowed a determination of the DP n of the primary chains of the hyp-polydendron due to the clear resonance of the aromatic protons forming the peripheral groups of the dendron end-group (ESI, Fig. S20  † ) . Good correlation between the targeted number average chain length and that determined by 1 H NMR was observed.
Solvent-driven hyperbranched-polydendron assembly
Organic non-solvent addition: hexane/acetone mixtures. The six polymers shown in Table 1 were highly soluble in tetrahydrofuran (THF) and acetone; the G 1 and G 2 dendrons also showed considerable solubility in hexane, however, p(HPMA) is insoluble in this solvent. The effect of hexane addition to an acetone solution of each material was studied using solutions of each polymer at starting concentrations of 5 mg/mL. Addition of different volumes of hexane to the acetone solutions of p(HPMA 50 ), G 1 -(HPMA 50 ) and G 2 -(HPMA 50 ) linear polymers, led to the clear solutions becoming turbid, therefore measurements were conducted using dynamic light scattering (DLS) to determine particle size (ESI , Table S1 & Fig. S21  † ) . The EBiBr-initiated p(HPMA 50 ) showed no appreciable light scattering until a hexane volume fraction (Φ hexane ) of 0.333 when a relatively broad distribution of particles with a z-average diameter (D z ) of 350 nm (PDI = 0.21) could be observed. Addition of further hexane led to increases in particle size until an apparent plateau (D z values varying between 560 and 580 nm). Each measurement showed a narrow distribution (PDI = 0.046 -0.091) at Φ hexane > 0.500. The G 1 -Br and G 2 -Br initiated linear-dendritic hybrids underwent similar behaviour on addition of hexane, with initial measurements of particles observed at Φ hexane = 0.333 and 0.286 respectively. Neither of the linear-dendritic hybrids led to a plateau of D z values with increasing hexane fraction and particles with D z up to 1.75 µm (G 2 -(HPMA 50 ); Φ hexane = 0.750) and PDI values as high as 0.44 (G 2 -(HPMA 50 ); Φ hexane = 0.333) were observed. Measurements using DLS are unreliable above 1 µm and, interestingly, the G 2 -(HPMA 50 ) material precipitated at Φ hexane > 0.750; the only polymer in this series to do so at Φ hexane values up to 0.800.
The hyperbranched EBiBr-initiated polymer, p(HPMA 50co-EGDMA 0.8 ), and the hyp-polydendrons within Table 1 were subjected to the same addition of non-solvent ( Fig. 3 , ESI S1 † ) as discussed above. Measurable D z values were observed within the initial acetone solutions at values varying from 42nm (p(HPMA 50 -co-EGDMA 0.8 )) to 46nm (G 1 -(HPMA 50 -co-EGDMA 0.8 )) and 37nm (G 2 -(HPMA 50 -co-EGDMA 0.8 )) and PDI values from 0.4 (p(HPMA 50 -co-EGDMA 0.8 )) to 0.38 (G 2 -(HPMA 50 -co-EGDMA 0.8 )) and 0.37 (G 1 -(HPMA 50 -co-EGDMA 0.8 )) ( Fig. 3a) . Progressive increases in Φ hexane led to corresponding decreases in the hyp-polydendron D z values with comparably broad dispersities. At a Φ hexane = 0.167, the EBiBr-initiated hyperbranched polymer underwent a significant increase in size and decrease in PDI (D z = 181 nm; PDI = 0.055) and a similar increase in size a decrease in dispersity was seen for the hyp-polydendrons at Φ hexane = 0.231 (G 1 -(HPMA 50 -co-EGDMA 0.8 ), D z = 162 nm, PDI = 0.021; G 2 -(HPMA 50 -co-EGDMA 0.8 ), D z = 178 nm, PDI = 0.018) ( Fig. 3a ). Further addition of non-solvent for the p(HPMA) core architectures, up to Φ hexane = 0.667, generated a steady but small decrease in D z for all hyperbranched materials studied, with the hyp-polydendron bearing the G 2 dendron being the largest under all solvent conditions and the EBiBr initiated hyperbranched polymer consistently forming the smallest nanoparticles; in all cases the PDI values remained < 0.075. At Φ hexane between 0.667 and 0.800, the nanoparticles from each material started again to increase in size whilst maintaining their order of size and low PDI values. The largest nanoparticle formed using this process had a D z = 230 nm and PDI = 0.097 (G 2 -(HPMA 50 -co-EGDMA 0.8 ), Φ hexane = 0.800).
The impact of the concentration of polymer in the initial acetone solution, prior to hexane addition, was studied using 0.5 mg/mL, 5 mg/mL and 20 mg/mL acetone solutions of the G 1 -(HPMA 50 -co-EGDMA 0.8 ) hyp-polydendron (Fig. 3B) . The observed large increases in D z at a Φ hexane = 0.231 were generally followed by a subsequent decrease until Φ hexane = 0.500. At values above this solvent ratio, the particles derived from the 20 mg/mL starting concentration rapidly increased in size and subsequently precipitated. The lower polymer concentrations proceeded to Φ hexane = 0.667 with an increase observed on addition of further hexane up to Φ hexane = 0.800. Across the samples after Φ hexane = 0.231, the low initial concentration of hyp-polydendron of 0.5 mg/mL gave consistently the smallest nanoparticles (D z as low as 84 nm) and the highest initial concentration of 20 mg/mL gave the largest nanoparticles (D z as high as 396 nm). After Φ hexane = 0.286, PDI values varied from < 0.175 across the sample starting at 20 mg/mL, to < 0.075 for materials generated from an initial concentration of 5 mg/mL and < 0.145 for particles from the 0.5 mg/mL acetone solution.
The reversibility of the assembly into nanoparticles was also studied by preparing nanoparticles of the G 1 -(HPMA 50 -co-EGDMA 0.8 ) hyp-polydendron (initial concentration (acetone) = 5 mg/mL) directly at a Φ hexane = 0.667 (D z = 157 nm, PDI = 0.064) and slowly adding more acetone to decrease the hexane volume fraction (Fig. 3C ). With the steady decrease in Φ hexane a small increase in size was initially seen, but D z values only varied between 161 nm and 151 nm over a range of Φ hexane from 0.667 to 0.286. Addition of further acetone led to a considerable decrease to 125 nm (Φ hexane = 0.231) and then a sharp decrease to 44 nm at Φ hexane = 0.167. The addition of a good solvent, therefore, led to the disassembly of the nanoparticles at the same ratio of acetone/hexane required to initiate assembly. To establish whether the reversible phenomenon was driven by dilution, nanoparticles of the G 1 -(HPMA 50 -co-EGDMA 0.8 ) hyp-polydendron (generated directly at a concentration of 1 mg/mL and a Φ hexane = 0.800; 5 mg/mL initial acetone concentration) were diluted with various volumes of an acetone/hexane mixture of identical composition (Fig. 3D) . Across a 16-fold dilution, the nanoparticles were particularly robust and maintained both size and dispersity.
A direct comparison of the DLS analysis of the lineardendritic hybrids and the branched polymers are shown in Table 2 at a fixed Φ hexane = 0.800 and generated from an initial concentration in acetone of 5 mg/mL. As can be seen, the branched materials produce much smaller nanoparticles with considerably lower PDI values in all cases. Table 2 . Comparison of linear-dendritic polymer hybrid and hyp-polydendron self-assembly at Φhexane = 0.800 (5 mg/mL initial acetone concentration).
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hyp-Polydendron self-assembly via nanoprecipitation of THF solutions into water.
We have previously shown the advantages of the hyperbranched p(HPMA) in the formation of aqueous nanoparticles through simple nanoprecipitation techniques. 48a The impact of the initial polymer concentration (C I ) and the final concentration of the polymer nanoparticles in water (C F ) was demonstrated and ranges of stable nanoparticles from 60-800 nm were readily formed.
To investigate the aqueous nanoprecipitation of hyppolydendrons, a similar study was undertaken using a rapid addition of varying volumes of polymer/THF solutions (10 mg/mL or 5 mg/mL) into 5 or 10 mL of water (30°C), using the linear-dendritic hybrids and the branched polymers (ESI for experimental details † ). Each nanoparticle dispersion formed was stirred overnight at ambient temperature to remove the THF and generate aqueous nanoparticle dispersions ranging from 2 mg/mL to 0.05 mg/mL. As seen previously with linear p(HPMA 50 ), the linear-dendritic hybrids underwent a selfassembly to form nanoparticles, however, the dispersions were not stable, showing increases in D z and PDI over time with visible precipitate over a small number of days. The branched p(HPMA 50 -co-EGDMA 0.8 ) generated nanoparticles with D z values between 60-85 nm and PDI values ranging from 0.111 to 0.216 however the hyp-polydendrons displayed a wider range of sizes (60-135 nm) with lower PDI values (as low as 0.064). In all cases, the nanoparticles formed from G 2 -(HPMA 50 -co-EGDMA 0.8 ) were larger than those derived from G 1 -(HPMA 50co-EGDMA 0.8 ) under identical conditions, and showed much lower dispersities (Table 3 ). Those formed from p(HPMA 50 -co-EGDMA 0.8 ) were similar in size or smaller than nanoparticles formed from G 1 -(HPMA 50 -co-EGDMA 0.8 ), displaying the same overall trend in nanoparticle sizes that were seen when hexane was added to acetone solutions: ethyl < G 1 dendron < G 2 dendron (Fig. 3A) .
The aqueous nanoparticles generated from all branched polymers were extremely stable; those from hyp-polydendrons still showed monomodal size distributions (D z < 100 nm) with little measureable difference over two years storage at ambient temperature (ESI, Fig. S22  † ) . The effect of varying the initial polymer concentration in THF can be seen when comparing the nanoparticles generated at identical dilution factors (C F /C I ). Higher C I generally formed larger materials at each dilution factor and higher dilution factors generally formed larger nanoparticles (Table 3) . Scanning electron microscopy (SEM) of branched polymer nanoparticles. The nanoparticles produced during the hexane addition to acetone solutions, and after THF removal from the aqueous nanoprecipitations (ESI; Fig. S23  † ) , were studied by SEM.
The controlled addition of hexane allowed samples to be taken at varying volume fractions to observe the nanoparticle formation. An example of this study is shown in Fig. 4A -D for the self-assembly of G 2 -(HPMA 50 -co-EGDMA 0.8 ). Images of the dried acetone/hexane mixtures at a Φ hexane = 0.090 ( Fig. 4A ) showed very little structured material and particles resembling uncontrolled aggregates. At an increased Φ hexane = 0.286 a higher quantity of poorly-shaped material was observed (Fig.  4B) , however, at Φ hexane = 0.500 very distinct spherical nanoparticles were readily observed (Fig. 4C ) which are essentially unchanged at Φ hexane = 0.800 (Fig. 4D) . The nanoparticles were generally seen to be separate structures although some aggregated nanoparticles were observed (Fig. 4C) , possibly as an artefact of sample preparation.
The aqueous nanoprecipitation of p(HPMA 50 -co-EGDMA 0.8 ) has been shown previously to be observable using SEM, 48 with clearly distinguishable nanoparticles within highly concentrated areas, presumably formed during the drying of the aqueous continuous phase of the nanodispersion. An example of a typical SEM image of G 2 -(HPMA 50 -co-EGDMA 0.8 ) is shown in Fig. 4E , generated from addition of a THF solution (C I = 5mg/mL) to water to form a C F = 1 mg/mL (dilution factor = 0.2) after THF removal. The highly concentrated areas of nanoparticles were observed in all cases and dilution of the sample prior to drying did not significantly affect the ability to generate images of distinct and separate nanoparticles. Fig. 4 Scanning electron microscopy of self-assembled nanoparticles from G2-(HPMA50-co-EGDMA0.8). Hexane addition to acetone solutions with solvent fractions of: A) Φhexane = 0.090, B) Φhexane = 0.286, C) Φhexane = 0.500, and D) Φhexane = 0.800. E) Nanoparticles generated by aqueous nanoprecipitation from a THF solution (CI = 5mg/mL) an aqueous concentration of CF = 1 mg/mL Self-assembly mechanism of hyp-polydendrons under antisolvent conditions. Nanoprecipitation of linear polymers 49 has been reported for several years and predominantly utilised to generate uniform spherical nanoparticles from biodegradable polymers. 50 Although the mechanism of nanoprecipitation is not fully understood, a nucleation/aggregation process 51 is proposed with size control achieved through a combination of polymer solubility, solvent, polymer concentration in the solvent, viscosity and varying factors affecting the final nanoparticle colloidal stability. 52 Nanoprecipitation has recently focussed on a broader range of synthetic polymers, such as branched polymer architectures, 48 and preparation optimisation using flash nanoprecipitation, 52 microfluidics, 53 and high throughput automated approaches. 54 Nanomedicines formed by careful control of linear polymer structure, and nanoprecipitation within the 100 -200 nm size range, 55, 56 have shown high drug loadings and targeting aided by aptamer functionality (the so-called Accurins™). Positive Phase I evaluation of Accurins have recently led to progression to Phase II human studies with the ability to target delivery to sites of prostate and lung cancer. 56, 57 The new architectures generated during this current study also appear to self-assemble through a nucleation/aggregation mechanism, although further work is required to confirm this. We speculate that the studies of hexane addition to acetone solutions of the branched polymers (Fig. 3a) initially show a high molecular weight expanded coils in solution and the decrease in diameter observed for all study materials demonstrates a steady decrease in the branched core p(HPMA) solvation, forming an increasingly dense structure (shown schematically in Fig. 5Ai-iii) . The nuclei that form under these conditions are stable until a critical density or size, leading to a sudden increase in the observed diameter (Fig. 3A) as they aggregate to form larger structures ( Fig. 5 Aiii-v). These larger structures appear to be somewhat swollen within the solvent environment ( Fig. 5v ) and steadily decrease in size to form more dense nanoparticles in the progressively poorer solvent environment ( Fig. 5v -vi) before aggregating to precipitate.
This behaviour is quite clearly seen in the DLS measurements taken at different ratios of acetone and hexane (Fig, 5B) . The initially swollen and solvated hyp-polydendrons show appreciable scattering when studied before hexane addition and a broad size distribution is seen with two distinct populations. Addition of a small volume of hexane leads to a narrowing of this distribution and enhanced scattering, with the complete disappearance of this material in later DLS measurements at higher hexane fractions and sharp monomodal peaks for the assembled structures (Fig. 5B ). The effect of nanoprecipitation into water using varying C I values, is also readily seen when overlaying DLS traces (Fig. 5C ). It is clear that higher C I values lead to larger nanoparticle assemblies and higher dilutions (C F /C I ) produce larger nanoparticles when using hyp-polydendrons. This is counter to our previous nanoprecipitation reports of branched p(HPMA x ) (using EBiBr and ATRP) where, consistently and across different primary chain lengths, higher dilutions produced smaller nanoparticlesalso seen in this study (Table. 3). The dendritic end-group of the primary chain appears, therefore, to influence the nucleation/aggregation mechanism and further work will study this in more detail.
The impact of the generation of the dendron chain ends of the hyp-polydendrons can also be observed within the nanoparticle diameters that are formed during this process. The larger chain ends lead to increased nanoparticle diameters, providing both a new strategy for controlling nanoprecipitation (previously unexplored) and an option for placing considerable functionality at the surface of the nanoparticles that are formed. The branched architectures also provide opportunities that are clearly not available from the linear polymer 'equivalent' structures, although it is important to note that the branched polymers have considerably higher molecular weights and therefore the formation of nuclei is expected to be a more efficient process as the desolvation of a single molecule of a branched polymer will form a larger nucleus than single chain collapse; the weight average structures of the branched polymers comprise > 60 primary polymer chains. The acetone/hexane studies have indicated a nucleation/aggregation/desolvation mechanism which also is intuitively correct for the aqueous nanoprecipitation although the process of THF solution addition to water was conducted extremely quickly and no intermediate structures were studied. The rapid diffusion of the THF into the surrounding water would lead to a desolvation of the expanded structures at the rapidly retreating good-solvent/anti-solvent interface with collapse and aggregation of nuclei to form the large nanoprecipitated aggregates. The influence of the chain end is also apparent, again offering additional options for functionalisation in aqueous systems and size control. The stability of branched nanoprecipitates has previously been attributed to a combination of negative surface charge and branched architecture 48 and the nanoprecipitates formed in this study also exhibit a negative zeta potential ranging from -57 to -63 mV for linear polymers and -31 to -65 mV for branched polymer nanoprecipitates (values relate to specific nanoprecipitation conditions: C I = 5 mg/mL; C F = 1 mg/mL).
Initial guest-host encapsulation studies during aqueous nanoprecipitation.
As mentioned above, nanoprecipitation of varying polymers into water has been used to encapsulate a range of guest materials, including small molecules and quantum dots, for nanomedicine evaluation. 48b,50,55 Preliminary studies of hyp-polydendron guest-host behaviour have, therefore, been undertaken to assess the potential for small molecule encapsulation. 
